The postulated intermediate of nitrite-myoglobin reaction, cysteine-nitrosothiol, was prepared and its antibacterial effect was tested on Salmonella strains, Streptococcus faecium, and spores and vegetative cells of Clostridium sporogenes. Cysteine-nitrosothiol showed a higher inhibitory effect than nitrite. Preliminary results on the effect of simultaneous use of nitrite and cysteine on Clostridium sporogenes spores were also presented.
Since nitrosamines were identified in foods (3) , interest has been focused on precursors of nitrosamines as meat additives, initially nitrate and nitrite. Due to a lack of sufficient information, entirely different and extreme views evolved (19) . The prohibition of nitrate and nitrite would lead, as it is well known, not only to the disappearance of cured meat products because of taste and color problems (although results of MacNeil and Mast [12] showed good flavor formation with special seasoning without nitrite), but also to the decrease of microbiological safety. This health risk, the danger of Clostridium botulinum, is considered as the only acceptable argument by health authorities in favor of the continued use of nitrate and nitrite.
Since a definite trend towards prohibition of nitrate and nitrite can be noticed on one hand, and since, on the other, these compounds evidently cannot be omitted from antibacterial use, it is clear that food chemists and microbiologists must preserve nitrite usage in meat industry even if at lower concentrations.
We might consider the general view against nitrate, as a precursor to qualitatively and quantitatively uncontrollable derivatives. At the same time, there is much information on the nitrite concentrations required to control clostridial growth. On the basis of works of Greenberg (6), Leistner et Investigations with cysteine. These tests were carried out in raw diluted meat suspension. To one part beef three parts water was added, and the mixture was macerated for 15 min at 40 C and coarsely filtered. This liquid, which also contained meat particles in suspension, contained 2% NaCl. In these latter experiments only spores of C. sporogenes were tested. Heat treatment was at Fo = 0.4, 0.8, 1.6; the temperature was maintained at 100 C.
Application of additives. All additives (nitrite, cysteine-nitrosothiol, and cysteine) were added to the media as a filter-sterilized solution before inoculation and heat treatment. A 0.2-ml additive solution was introduced into 10 ml of medium.
Detection of bacterial growth. All samples were incubated after treatments at 30 C for 2 weeks. Putrid odor and turbidity of samples with clostridia and turbidity with all other organisms were observed.
RESULTS
The effect of nitrosothiol on various bacteria in comparison with nitrite is shown in Tables 1  to 4 . On the basis of the data, it appears that cysteine-nitrosothiol, as a suggested intermediate of color formation in cured meats, exhibits an inhibitory effect (at least in medium) on those bacteria against which nitrite is also effective. It should also be mentioned that nitrosothiol has the same inhibitory effect in a lower concentration as nitrite does in a higher one. In agreement with the results of Leistner et al. (11) , the nonsporeformers we tested show rather different tolerance against nitrite. For example, whereas growth of Streptococcus faecium was not at all inhibited by nitrite concentrations used in meat industry nor by (Table 5 ) support results of Johnston and Loynes (8) in proving the nitrite inhibition increasing property of cysteine. The ineffectiveness of nitrite without cysteine would perhaps need explanation mainly in comparison with its effect in medium. It should be kept in mind, however, that the medium in this experiment was meat suspension, and from results of Johnston et al. (9) we know that the presence of only 1% meat inhibits the Perigo effect (16); in other words it decreases the inhibitory action of nitrite. We might also mention that natural sulfhydryl groups of meat which were freed after the unfolding of protein during heating may also play a role in increasing the inhibitory effect of nitrite, and these groups are probably in concentrations diluted to ineffectiveness in our It has long been known that compounds containing sulfhydryl groups increase the effectiveness of nitrite from both chemical (i.e., color formation [10] ) and microbiological (2, 8) points of view, and results of Mirna and Hofmann (13) indirectly emphasize the importance of these compounds. These data do not disagree with results that question the effect of SH-amino acids on nitrite (15) , for there are other ways in which depletion of nitrite can occur.
On the basis of other data and our results there seem to be several possible alternatives for the food industry in its use of nitrite or its derivatives without harmful health consequences. Whether this will mean usage of reducing agents in higher concentrations (ascorbic acid, cysteine, etc., 1,000 to 2,000 ,g/g) together with small concentrations (50 to 70 Mg/g) of NaNO2 (if nitrosothiols prove harmless) can be decided only after further investigation. Nevertheless, we may hope, knowing the abovementioned results, that there will be a method(s) for assuring proper microbiological safety even with nitrite concentrations previously considered sufficient for color formation only. Data should also be mentioned which suggest that some reducing agents (ascorbic acid and its compounds) are not only valuable from a bacteriostatic viewpoint but also are known as antinitrosamine formation agents (5, 7, 14) .
The effect of sporostatic concentrations of cysteine-nitrite and ascorbic acid-nitrite in meat are under investigation in our laboratories. Results of these investigations and the effect of nitrosothiol in meat medium will be reported in the future.
